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Abstract

Processing water with various mineral materials, electrostatic field, magnetic field gives functionalized
aqueous solution, so-called “Function Water” in Japan. Series of research in our laboratory has revealed
that restoration of morphology and motility of Tributyltin-chloride (TBTCL) intoxicated protozoa, Eugle-
na gracilis should be due to Ca and Mg ions in the processed aqueous solution. In order to examine
whether the detoxification effect could be observed commonly in the so-called “Functional Materials”, we
compared the extent of detoxification effect of various commercially available materials by evaluating res-
toration of motility of TBTCl-intoxicated Euglena gracilis. Materials examined in the present study were
reduced-state mineral concentrate, glassy surface ceramic, and zeolite materials partly substituting Na
with Fe, Mg, Mn, Zn, and Cu separately. Processed aqueous solutions were prepared by dissolving miner-
al concentrate in different concentrations, or immersing the materials for a period of time.
TBTCl-intoxicated Euglena gracilis cells were separately washed with the processed aqueous solutions,
then incubated in the solutions for up to 3 hrs. The restoration of morphology and motility was evaluated
by observing the motile cell number under the video-microscope. Remarkable restoration was observed in
the 250 folds diluted reduced mineral concentrate and solutions treated with zeolites encaging Fe, Mn,
and Zn, respectively. However, those solutions did not show any restoration effect when they were tre-
ated with a chelator, Chelex-100. These results suggest that minerals should take part as the critical role
in detoxification of TBTC! in Euglena cells. It may also be considered that glassy surface ceramic treat-

ment should be explained by other mechanisms.
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Introduction

“Function Water” or “Physiologically functional aqua-solution” is generic term given to water species
that exhibit biological function superior to the control aqua-solution system prepared with distilled
water”’. However, the name is not authorized scientific term yet. So-called “Function Water” species are
prepared by treatment with high-electric field loading, magnetic field loadingz), contact with ceramics,
piezoelectric element®, mineral concentrate etc. The authors have studied “Function Water” from the
standpoint of scientific evaluation. Previously, we reported a water species which was prepared by
high-electric field loading in the presence of charcoal (wood ceramics) produced at above 1000°C heating
definitely restored the morphology and cell motility of TBTCl-intoxicated Euglena gracilis 7Y, During the
course of studies to reveal what made it effective on the restoration of cell morphology and motility, we
showed data suggesting that its effect should not be due to water cluster size but minerals (possibly
Ca)s). Further comparative studies on the effect of restoration of Euglena cell morphology and motility
after TBTCI intoxication showed that water species prepared by alternate current electric field loading
with wood ceramics (Charged water) and that prepared by immersing alumina-iron ceramic were
apparently effective® .

Furthermore, TBTCI has been known to affect membrane function and ATPases”'® which have been
regarded as the energy source of morphological restoration and cell motility. In the previous reportg), the
authors revealed that the restoration of cell motility by “Function Water” species was closely related
with ATPase activity in connection with Ca and/or Mg.

Even though, so-called “Function Water” and “Functional Materials” on the market still have been left
as “mysterious” or “miraculous” without clear scientific explanation. In the present study, we tried to
find whether the effect of physiologically functional materials would have common characteristic; i.e., de-

toxification effect could be recognized and their effect could be explained by specific minerals.

Materials and Methods

“Function Water” material examined

As found in the previous preliminary experiment, water species prepared by the mineral concentrate
exhibited as high as restoration effect of Al-Fe ceramics treated water, the mineral concentrate was
chosen to examine its effect on restoration of TBTCl-intoxicated E. gracilis Z. “Chemically Reduced
Mineral Concentrate” was kind gift from Dr. H. Hayakawa, Hayakawa Institute (Ibaragi, Japan). Accord-
ing to Dr. Hayakawa's explanation, the mineral concentrate was prepared from sea water after removing
NaCl.

Since the basic structure of Al-Fe ceramics is similar to that of zeolite, the basic chemical formula of
which is alminosilicate, we tried to examine the restoration effect of zeolites in which Fe, Mg, Mn, or Cu

were encaged separately at the share of 2.3-12.4% by substituting Na in zeolite type A. Materials used
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Table 1. “Functional Materials” examined

Materials Treatment for use Remarks

Hayakawa Mineral diluted with water

Concentrate ® at the concentration
of 100~1000 folds
dilution

Shinei Ceramics - water was circulated through cylinder Glassy surface ceramics
filled with ceramics (ca. 500 pieces) manufactured at above
in 6cm i.d. x 46¢m long for 1000C.

15min.

Mineral encaged
Zeolites Substitute (%)

Fe**-encaged suspended in pure water for 9.14
15min by 5% w/w ratio, then
filtered through 0.45 #m Millipore ®

filter.
Mn2+~encaged same as above 5.71
Cu®*-encaged same as above 7.24
Zn?* -encaged same as above 12.41
Mg2+-encaged same as above : 2.80

Substituent (%) represents the proportions of individual mineral replaced with Na present

in the original zeolite.

in the present study are listed in Table 1. Zeolite encaged with minerals were prepared and kindly sup-
plied by Dr. Kurihara at Shinagawa Fuel Corp. For the treatment of water, ultrapure water was prepared
by filtration through hollow fiber tube. Prior to its use the treated water was filtered through membrane
filter (0.2 x#m; Millipore Corp.). In order to examine the participation of minerals the water species pre-
pared by treatment with materi.als listed in Table 1 were used in the assay test usiog Euglena gracilis Z.
As the control water species, ultrapure water was prepared by doubly distilled, theo filtered through hol-
low fiber, and finally filtered through Chelex-100 column to remove minerals. In case of EGTA treatment
EGTA was added to the water at the final concentration of 250mM to‘che'lat'e” minerals such as Ca and/or
Mg. 7 ‘

Euglena cell strain ‘

FEuglena gracilis Z grown on fho Koren-Hutner medium? at 28°C under yi‘llumivnatio.n (2800 1x) with 12
hours intervals for 7 days was used for the TBTCI intoxication and subsequent'restoration experiments.

Intox1cat|on of Euglena cells

After 1ncubat1ng Euglena gmcms A for '7 days cells were hax vested and provxded for TBTCI intoxica-
tion as described in our previous paper 19 . B R
Evaluatlon of restorahon "of ceII morphology and motlhty

it

Restoration of cell morphology and motility were examined by v1deo microscopy (ARGUS 100, Hama-
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matsu Photonics, Hamamatsu, Japan) as reported earlier®¥. Namely, Euglena cells were intoxicated >by
contacting to 50 #M TBTCI at final concentration for 1 min. After washing with the processed water spe-
cies shown in Table 1 for 3 times, Euglena cells in cyst form (spherical form) were suspended with the
processed water species in an Eppendorf tube, and incubated for 180 min at 28°C under illumination
(2800 1x). At regular time interval, cells were examined microscopically under inverted microscope
(Olympus IMT-2) equipped with video image analyzer (ARGUS-100, Hamamatsu Photonics, Hamamatsu,
Japan). The number of motile cell (or spindle form) was counted on the video images, then restoration
efficiency was calculated dividing motile cell numbers by total cell numbers in at least different 10 images.

The restoration efficiency was compared with time, and the data were evaluated by Q-test and stu-
dent’s t-test.

Analysis of elements in processed water species

Composition of elements in the processed water species was analyzed by inductively coupled plasma
atomic emission spectrometry using Japan Jarrell-Ash model 96-953 according to the analytical condition

of Sugiyama et alll,

Results and Discussion
1) Evaluation of cell motility recovery potential of functional materials
Restoration of motility of TBTCl-intoxicated Euglena cells by incubating with processed wa-

ter species was compared (Table2). Data presented in Table 2 are motile cell proportion

Table 2. Comparison of restoration of motility of TBTCl-intoxicated Euglena gracilis Z by
“Function Water” species

“Function Water” species Motile cell % after 3hrs incubation
Control ' 16.8 + 4.02
Hayakawa Mineral Concentrate

250 diluted soln. 52.1 + 9.50**

100 diluted soln. 15.9 + 5.85"
Shinei Ceramics 32.4 +7.51*
Fe®™ -encaged zeolite 57.2 + 8.89™*
Zn%*-encaged zeolite 55.8 + 8.23%*
Mn2* -encaged zeolite 48.1 + 7.49**
Mg® " ~encaged zeolite 21.5 + 4.08*
Cu®™ -encaged zeolite 11.3 + 4.30Y

Motility percent was calculated dividing motile cell numbers by the total cell numbers at 3 hr af-
ter starting incubation with water species processed with “Functional Materials”. Data presented
are average values + S.D. calculated from different 10 microscopic fields, or n =10. ** ! p <
0.001, * : p <0.005 M : no significant difference to control data.

Control datum was obtained from incubating cells in the ultrapure water prepared by the proce-
dure described in the text. Symbols with the different superscript mean significant difference by
the student’s t-test.
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observed after incubation for 3 hrs.

As shown in Table 2, significant restoration was recognizéd in Hayakawa Institute’s chemically re-
duced mineral concentrate at 250-fold dilution. Zeolites encaging Fe, Zn, and Mn also showed significant
restoration effect. Restoration effect of glassy surface ceramic was not so high as those above though,
some extent of restoration effect was recognized in comparison with that of the control. On the other
hand, the mineral concentrate at 100-fold dilution showed no effect, and Cu-encaged zeolite treated water
was rather lower than the control

2) Examination on the participation of trace minerals in “Function Water” on the restoration of

cell motility of Euglena cells.

As shown in the Table 2, chemically reduced mineral concentrates exhibited significant restoration
effect at the concentration of 250-fold dilution. Since similar results were recognized for specific minerals
substituted zeolites (Table 2), we examined whether their restoration effect could be blocked if those wa-
ter species were treated separately with chelators, 250mM EGTA and Chelex-100, prior to incubation of
TBTCl-intoxicated Euglena cells. Fig. 1 and 2 show how chelators affected restoration of motility of Eug-
lena cells by water species produced by “Function Water” material. It is obvious that the effect of chemi-
cally reduced mineral concentrate at 250-fold dilution was obstructed by the treatment with chelator. On

the other hand, the effect of ceramics with glassy surface was not affected by chelator. The effect of

Motile cell (%)

Incubation Time (min.)

Fig. 1. Recovery of cell motility of TBTCl-intoxicated Euglena cell by incubation with

mineral concentrate (Hayakawa Institute)

[ Control : Incubated in the ultrapure water

€ Incubated in the mineral concentrate . 250 dil.

@ +Chelex .| Water species containting mineral concentrate (250dil.), then treated with
Chelex-100

A+ EGTA © Water species containing mineral concentrate (250dil.), then chelated by
250 mM EGTA
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Fig. 2. Recovery of cell motility of TBTCl-intoxicated Euglena cell in glassy surface cera-

mics (Shinei Ceramic)® (30 min) treated water.

[] Incubated in the control : Ultrapure water ; TBTCl-intoxicated Euglena cells were
incubated in the ultrapure water.

€ Incubated in the water species processed by glassy surface ceramics for 30 min.

O+ Chelex-100 : glassy surface ceramics (30 min) treated water species was processed
by Chelex-100 prior to incubation.

Fe-encaged zeolite was blocked by Chelex-100 treatment, but it was not affected by treatment with .
250mM EGTA (data not shown).

3) Analysis of mineral composition of “Functional Materials” by ICP

As described above, minerals seem to participate in the restoration of cell motility, mineral composition
of mineral concentrate was analyzed by ICP. In Fig. 3, mineral composition of mineral concentrate and
mineral composition after treatment with Chelex-100 is also presented. It is clear that Ca and Mg are
abundant in the mineral concentrate. Whereas the mineral concentrate treated with Chelex-100 was ex-
tremely low in Ca and Mg. Therefore, Ca and Mg are thought to play important role in detoxification of
TBTCI in Euglena cells as common minerals as recognized in Al-Fe based ceramics® .

The inhibitory effect of TBTCI on Euglena cell is partly due to inhibition of ATPases'?, and Ca and
Mg have been known to participate in enzyme activities located in membrane fraction of mitochondria and
other membrane fractions. On the mechanism of heavy metals such as organotin and their toxicity there
are many research papers by Selwyn and co-workers'? .
It is also clear from the data presented in our papers that Ca and Mg play important roles in restoring

6.10), However, excess amount of those minerals rather inhibited the restoration of cell motil-

cell motility
ity and morphology. It means that inhibition of the enzyme activity is due to excess concentration of Ca

and Mg.
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Fig. 3. Major elements in the water species treated with functional materials

Major elements in the mineral concentrate (Hayakawa Institute) at 250-fold dilution with
ultrapure water was measured by ICP.

+ EGTA : mineral concentrate at 250-fold dilution with ultrapure water was treated with
250mM EGTA before subjecting to ICP analysis.

+ Chelex-100 : mineral concentrate at 250-fold dilution solution was filtered through col-
umn packed with Chlelex-100, then subjected to ICP analysis.

The restoration effect of glassy surface ceramics should be explained by the different mechanism made
for mineral concentrate and zeolite. It may be due to mineral and water clathrate structure formed by
piezoelectric effect as shov.vn in tourmaline'®. By the X-ray microanalysis and X-ray diffraction analysis
the glassy surface ceramic has been revealed to be composed of SiOz, AlO3 and FeO, but its surface is
glass-like structure, or amorphous structure. The detailed mechanism of its effect should be cleared by
further investigation.

Although the detailed study on the mechanism of zeolites has not yet been finished, zeolite-encaged

) , energy meta-

with different types of metals may exhibit catalytic action as biotransformation enzymes13
bolism relating enzymes as well as adsorbent or act as functional water processor. Further study on the

effect of metal-encaged zeolite will be reported in other paperm.
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analysis of mineral composition on ICP.
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